ABSTRACT: It was hypothesized that supplementation of an oat-extracted mixed-linkage (1→3), (1→4)-β-d-glucan (β-glucans) to a wheat-based diet may beneficially mitigate manure odor and ammonia emissions associated with intensive pig production, without depressing nutrient digestibility as has been observed with oat-based diets. An experiment was conducted to investigate the effect of dietary β-glucan source and the inclusion of an enzyme composite containing β-glucanase on energy and nutrient digestibility, N utilization, distal gastrointestinal tract (GIT) fermentation, and manure emissions from finisher boars. Twenty-eight boars (BW = 74.2 ± 3.6 kg) were assigned to 1 of 4 dietary treatments (n = 7/treatment): 1) an oat-based diet (oat), 2) an oat diet + enzyme composite (OE), 3) a wheat-based diet + purified β-glucans (WG), and 4) a wheat-based diet + purified β-glucans + enzyme composite. The wheat-based diets containing purified β-glucans were formulated to contain concentrations of total β-glucans comparable with the oatbased diet. Consumption of the WG diet resulted in a greater digestibility of GE (P = 0.001) and an increase in the urine:feces N excretion ratio (P = 0.049) compared with the oat diet. In the distal GIT, pigs offered the WG diet contained fewer bifidobacteria (P = 0.027) and lactobacilli (P = 0.050) compared with the oat diet. Pigs offered the WG diet had increased manure odor emissions compared with the oat diet (P = 0.023).
INTRODUCTION
Gaseous emissions from intensive pig production units reduce air quality, inducing behavioral aberrations in local human communities (Schiffman et al., 1995) . These pollutants partly reflect the inefficient utilization of dietary CP by the growing pig, resulting in considerable urinary excretion of N (Carpenter et al., 2004) and the fermentation of undigested protein to malodorous end products (Le et al., 2005) . Such processes subsequently contribute to manure odor and ammonia emissions (Mackie et al., 1998; O'Shea et al., 2009 ).
The production of odorous metabolites may be reduced through stimulation of carbohydrate fermentation in the distal gastrointestinal tract (GIT), with beneficial moderation of odor and ammonia emissions (Garry et al., 2007) . Such decreases in gaseous emissions have been attributed to providing a dietary source of mixedlinkage (1→3), (1→4)-β-d-glucan (β-glucans), which may induce a more saccharolytic microbiota (O'Connell et al., 2005; Garry et al., 2007) . Previous studies have indicated that oats may present the optimal source of dietary β-glucans for modulating the composition of the distal GIT and thus improve manure emissions from finishing pigs (O'Shea et al., 2010b) .
However, the integration of fermentable carbohydrate with the intention of ameliorating manure emissions may be accompanied by impaired nutrient utilization (Lynch et al., 2007; O'Shea et al., 2009) . Therefore, it is desirable to impart the beneficial properties of β-glucans to a conventional wheat-based formulation. To validate the role of β-glucans in both extracted and intact form, supplementation with an enzyme composite containing β-glucanase may elucidate whether induced intestinal variables are a response to β-glucans or an additional fermentable component in oats.
It was hypothesized that supplementation of a wheatbased diet with a purified β-glucan source may positively influence manure odor and ammonia emissions from finishing pigs comparable with an oat-based diet. An experiment was conducted to investigate the effect of dietary β-glucan source and the inclusion of an enzyme composite containing β-glucanase on nutrient digestibility, N utilization, distal GIT fermentation, and manure emissions from finisher boars.
MATERIALS AND METHODS
All procedures described in this experiment were conducted under experimental license from the Irish Department of Health in accordance with the Cruelty to Animals Act 1876 and the 1994 European Communities (Amendments of the Cruelty to Animals Act 1876) Regulations.
Experimental Design and Dietary Treatments
The experiment was devised as a complete randomized block design comprising 4 dietary treatments as follows: 1) oat-based diet (oat), 2) oat diet + enzyme composite (OE), 3) wheat-based diet + purified β-glucan (WG), and 4) wheat-based diet + purified β-glucan + enzyme composite (WGE). All experimental diets were formulated to be isocalorific and isonitrogenous, containing similar concentrations of calculated NE (9.3 MJ/kg) and standardized ileal digestible Lys (8.6 g/ kg; Sauvant et al., 2004) and offered in meal form. All other ileal digestible AA requirements were met relative to Lys (NRC, 1998) . Wheat-based dietary treatments were supplemented with an oat-derived β-glucan source (65%; Cambridge Commodities Ltd., Cambridgeshire, UK) comparable with concentrations of total β-glucans typically observed in oat diets. The enzyme supplement was derived from Penicillium funiculosum (IMI SD 101) and contained endo-1,3 (4)-β-glucanase (EC 3.2.1.6) and endo-1,4-β-xylanase (EC 3.2.1.8; DSM, Belfast, Northern Ireland). The dietary composition and analysis are presented in Table 1 .
Animals and Management
Twenty-eight finishing boars [Landrace boars × (Large White × Landrace) sows] were blocked based on BW and assigned to 1 of 4 dietary treatments (n = 7). Pigs were electronically tagged and individually offered ad libitum access to feed and water by means of a computerized single-space feeding system (Varley et al., 2010) and remained on their respective experimental diets until slaughter. At the end of a 14-d dietary adaption period, 16 boars (n = 4) of a uniform BW (74.2 ± 3.6 kg) were selected and transferred to individual metabolism crates. The pigs were allocated an additional 5 d to adapt to the metabolism crates before collections commenced. The collection period was subdivided into 3 parts to facilitate studies on manure ammonia emissions (d 1 to 2), manure odor emissions (d 3 to 5), and apparent total tract nutrient digestibility and N balance (d 6 to 10). The pigs were offered ad libitum access to feed. The quantity of feed consumed and refused was noted. Fresh water was provided with meals in a 1:1 ratio, and fresh water was offered ad libitum between meals. The metabolism crates were located in a temperature-controlled room maintained at 22 ± 1.5°C. After the collection period, the pigs were reunited with their penmates until slaughter.
Ammonia Emissions Study
Four separate collections of total feces and urine were carried out at 12-h intervals during collection d 1 to 2, and samples were stored in sealed containers at 4°C. After the final collection, the urine and feces were pooled and macerated together according to the original excretion ratio. Maceration was performed to simulate the conditions of a typical manure container, which would be more dynamic due to constant disturbance through addition of fresh excreta. The respective manure sample (2 kg) was placed in a ventilated container in a temperature-controlled room maintained at 20°C. Ammonia emissions from the manure were measured over 240 h in a laboratory scale set-up as described by O'Shea et al. (2009) . Briefly, ammonia emitted from manure was collected in 3 impingers through the use of a pump with a ventilation rate calibrated at 2.5 L/ min. The first 2 impingers contained 1 mol/L of nitric acid, and the third impinger contained distilled water. The first impinger was sampled at 48, 96, 144, 192 , and 240 h, and the second impinger was sampled at 96 h. Samples were collected from all 3 impingers at 240 h. The concentration of ammonia-N contained in each impinger was determined by the microdiffusion technique of Conway (1957) . Ammonia emissions (mg) from each manure sample were compared between different dietary treatments using the quantity volatilized from 0 to 240 h per kg of sample. A 2-kg duplicate sample was retained in a separate ventilated container for each 2-kg manure sample used in the ammonia emission study. From the duplicate sample, an aliquot (50 g) was retained at 0 and 240 h and frozen at −20°C for subsequent VFA determination.
Air Sample Collection and Odor Concentration Measurement
Collections of total urine and feces production were carried out at 12-h intervals during collection d 3 to 4 and stored together in an open container below the metabolism crate until sampling on d 5. Air samples were used to measure odor concentration (European odor units/m 3 ). Air sampling was performed as described by Lynch et al. (2008) . Samples were contained in 20-L Nalophan bags and analyzed for odor concentration (Ecoma T07 dynamic olfactometer, Ecoma, Honigsee, Germany) as described previously by Hayes et al. (2004) .
Apparent Total Tract Energy and Nutrient Digestibility and N Balance Studies
Daily urine production was collected separately beneath the metabolism crate in a plastic container and recorded. To avoid N volatilization, 20 mL (25%) of sulphuric acid was added to the container daily. As a further preventative, a weak solution (2%) of sulphuric acid was applied to the connecting funnel twice daily. A 50-mL aliquot of urine and 100-g aliquot of feces were retained daily and frozen (−20°C) for subsequent determination of N.
Microbiology Study
Immediately postslaughter, digesta samples (approximately 10 ± 1 g) were aseptically recovered from the distal colon of each animal (n = 7) in sterile conditions. Digesta samples were stored in sterile containers (Sarstedt Ltd., Wexford, Ireland), placed in insulated containers with dry ice, and transported to the laboratory within 2 h. A 1.0 g of sample was removed from each digesta sample, serially diluted (1:10) in 9.0-mL aliquots of maximum recovery diluents (Oxoid Ltd., Hampshire, UK) and spread (0.1 mL aliquots) onto selective agars. Populations of lactobacilli, bifidobacteria, and Escherichia coli were selectively isolated and enumerated as described by Pierce et al. (2005) . Lactobacilli and bifidobacteria were selected as bacterial indicators of saccharolytic fermentation (Garry et al., 2007; O'Shea et al., 2010a) , whereas E. coli were chosen based on their potential association with gastrointestinal disequilibrium and protein fermentation (Heo et al., 2009) . Typical colonies of each bacterium were counted, log-transformed, and are presented per gram of digesta.
pH Measurements
The pH of digesta samples from the distal colon were determined immediately postslaughter. Samples (n = 7) were placed in universal containers, and pH measurements were made using a pH meter (Mettler Toledo MP 220, Mettler-Toledo Inc., Columbus, OH), which was calibrated using certified pH 4 and 7 buffer solutions (Sigma-Aldrich Ireland Limited, Wicklow, Ireland). Distilled water was added to all distal colon samples in a 1:1 ratio to facilitate pH measurement. The pH measurements of manure samples at 0 and 240 h were determined similarly.
VFA Profiling of Digesta and Manure Samples
Samples of digesta from the distal colon of individual pigs (n = 7) were recovered for VFA analysis. Total and specific VFA concentrations in the digesta were determined as described previously by Porter and Murray (2001) using a modified method (Pierce et al., 2006b ). These short-chain fatty acids were selected due to their ready conversion into the gaseous phase from manure surfaces. Briefly, a sample of 1 g was diluted with distilled water (2.5 × weight of sample) and centrifuged at 1,400 × g for 4 min at 21°C (Sorvall GLC, Block Scientific Inc., Bohemia, NY). One milliliter of the subsequent supernatant and 1 mL of internal standard (0.5 g of 3-methyl-n-valeric acid in 1 L of 0.15 mol/L of oxalic acid) were mixed with 3 mL of distilled water. After centrifugation to remove the precipitate, the sample was filtered through Whatman 0.45-µm polyethersulfone membrane filters (Sigma-Aldrich Ireland Limited, Wicklow, Ireland) into a chromatographic sample vial. A sample of 1 µL was injected into a gas chromatograph (model 3800, Varian, JVA Analytical, Dublin, Ireland) with a 25 m × 0.53 mm i.d. megabore column [coating CP-Wax 58 (FFAP) -CB (No. CP7614); Varian, Middelburg, the Netherlands]. The VFA concentrations of manure from the odor study at 0 and 240 h were similarly determined with minor adaptations as described previously by O'Connell et al. (2005) . Isovaleric acid, isobutyric acid, and valeric acid were designated as odorous VFA because of their association with protein fermentation and disproportionately large contribution to the perception of malodor from pig manure.
Laboratory Analysis of Samples
The proximate analysis of diets and feces for DM (method 934.01) and ash (method 942.05) were carried out according to the AOAC (1995) procedures. The DM of the diets and feces was determined after drying for 24 h at 100°C. The ash content of diets and feces was determined after ignition of a weighed sample in a muffle furnace (Nabertherm, Bremen, Germany) at 500°C for 4 h. The GE of diets and feces samples was determined using an adiabatic bomb calorimeter (Parr Instruments, Moline, IL). The NDF, ADF, and ADL fractions of diets and feces were determined using a fiber extraction unit (Fibertec, Tecator, Hoganas, Sweden) as described by Van Soest et al. (1991) . The N concentration of diets and urine was determined (Leco FP 528, Leco Instruments, Cheshire, UK). The N concentration of fresh feces was analyzed by the macroKjeldahl technique using a digestion and distillation apparatus (Buchi Labortechnik, Flawil, Switzerland) . The dietary concentrations of Lys, Thr, Trp, Met, and Cys were determined by HPLC (Varian Prostar, Santa Clara, CA) as described by Iwaki et al. (1987) . The total β-glucan and xylose content of diets were determined colorimetrically after using an enzymatic hydrolysis assay (Megazyme International Ireland Ltd., Co. Wicklow, Ireland). The insoluble and soluble β-glucan contents were determined as described by McCleary and Glennie-Holmes (1985) . The hemicellulose content of diets was estimated as the numerical difference between NDF and ADF. The cellulose content was estimated as the numerical difference between ADF and ADL. The lignin content is presented as ADL. The dietary β-glucanase and β-xylanase activity were determined as described by Somogyi (1960) . The activity of β-glucanase and β-xylanase refers to the units of glucose and xylose, respectively, produced per gram of diet.
Statistical Analysis
Experimental data were analyzed as a complete randomized design using the GLM procedure (SAS Inst. Inc., Cary, NC). The statistical model investigated the effect of dietary treatment, and BW was included in the statistical model as a covariate. A contrast statement was used to compare 1) oat diet vs. WG diet, 2) oat diet vs. OE diet, and 3) WG diet vs. WGE diet. All data in the tables are presented as least squares means and pooled SEM. The individual pig served as the experimental unit.
RESULTS
The chemical analysis indicated an average CP content of 184.5 and 186.0 g/kg for the oat and wheatbased diets, respectively (Table 1) . The average total β-glucan content was 22.7 g/kg for the wheat-based diets containing a source of exogenous β-glucans, whereas it was 20.0 g/kg for the oat diets.
Apparent Total Tract Digestibility and N Balance Study
There was no effect of supplementing the oat diet or the WG diet with an enzyme composite containing β-glucanase and β-xylanase on energy and nutrient digestibility or N balance (Table 2) . Pigs offered the WG diet had increased water intake (P = 0.032), digestibility of DM (P = 0.001), OM (P = 0.001), GE (P = 0.001), and NDF (P = 0.001), and decreased fecal excretion (P = 0.001) and DM output (P = 0.001) compared with the oat diet. Offering the WG diet increased urine excretion (P = 0.018) and increased the urine:feces excretion ratio (P = 0.001) compared with pigs offered the oat diet. Offering the WG diet increased Purified and intact dietary β-glucans in pigs urinary N (P = 0.038), the urine:feces N excretion ratio (P = 0.049), and decreased N retention (P = 0.013) and N absorption (N retention/intake; P = 0.022) compared with the oat diet. Pigs offered the WGE diet had an increased urine:feces N excretion ratio (P = 0.017) compared with the WG diet.
Colonic Composition
In the colon, pigs offered the WG diet had decreased numbers of bifidobacteria (P = 0.027) and decreased numbers of lactobacilli (P = 0.050) compared with pigs offered the oat diet (Table 3 ). In the colon, pigs offered the WG diet had decreased concentrations of total VFA (P = 0.037) and molar proportion of acetic acid (P = 0.008) and an increased molar proportion of butyric acid (P = 0.001), isobutyric acid (P = 0.001), valeric acid (P = 0.001), isovaleric acid (P = 0.001), and odorous VFA (P = 0.037) compared with offering the oat diets. In the colon, pigs offered the OE diet had an increased molar proportion of acetic acid (P = 0.020) compared with pigs offered the oat diet. In the colon, pigs offered the WGE diet had a decreased molar proportion of isobutyric acid (P = 0.036) when compared with the WG diet. In the colon, pigs offered the WG diet had decreased concentrations of indole (P = 0.010) and increased concentrations of skatole (P = 0.050) compared with the oat diet.
Manure Composition and Emissions
At 0 h, manure from pigs offered the WG diet contained increased concentrations of total VFA (P = 0.009), acetic acid (P = 0.005), butyric acid (P = 0.035), valeric acid (P = 0.013), isovaleric acid (P = 0.039), and overall odorous VFA (P = 0.021), and an increased acetic:propionic acid ratio (P = 0.001) compared with pigs offered the oat diets (Table 4) . Offering the WGE diet resulted in decreased concentrations of total VFA (P = 0.009) and acetic acid (P = 0.005), and a decreased acetic:propionic acid ratio (P = 0.001) in manure compared with the WG diet.
At 240 h, manure from pigs offered the WG diet contained increased concentrations of total VFA (P = 0.013), acetic acid (P = 0.013), propionic acid (P = 0.050), isobutyric acid (P = 0.029), valeric acid (P = 0.006), isovaleric acid (P = 0.007), and overall odorous VFA (P = 0.013), and an increased acetic:propionic acid ratio (P = 0.001) compared with pigs offered the oat diet. Pigs offered the WGE diet had decreased concentrations of total VFA (P = 0.017), acetic acid (P = 0.018), propionic acid (P = 0.008), and isovaleric acid (P = 0.003), and a decreased ratio of acetic:propionic acid (P = 0.006) in manure at 240 h compared with pigs offered the WG diet. Pigs offered the WG diet had increased manure odor emissions (P = 0.023) and increased manure ammonia emissions from 96 to 240 h (P = 0.001) and 0 to 240 h (P = 0.051) compared with the oat diets.
DISCUSSION
The objective of the current study was to integrate a purified β-glucan into a conventional wheat-based formulation with the purpose of beneficially affecting manure emissions without compromising energy and nutrient utilization. Dietary provision of a purified source of β-glucans in a wheat-based diet improved DM digestibility compared with the oat diet. This observation indicates that increased consumption of β-glucans may be accomplished without the associated implications of depressed energy and nutrient digestibility, as has been previously noted where basal cereals containing relatively large quantities of fermentable carbohydrates are included in a diet (Graham et al., 1986; Galassi et al., 2004) . Consumption of β-glucans has been previously demonstrated to disrupt digestion processes in growing pigs (Bach Knudsen et al., 1993a) . However, there was no notable improvement of supplementation with an enzyme composite containing β-glucanase on digestibility of gross energy GE or NDF in pigs consuming diets based on either cereal type. In addition to β-glucans, oats contain increased concentrations of several fermentable carbohydrates when compared with wheat, such as cellulose and other cell structural components (e.g., lignin, Bach Knudsen, 1997). These grain components resist degradation partially or completely, and, additionally, inhibit digestive processes of other nutrients (Souffrant, 2001 ) and may thus account for the disparity in digestibility between the 2 cereals.
To elucidate the specific role of both the intact β-glucans in native oats and the purified β-glucan supplement on indicators of distal GIT fermentation and subsequent manure emissions, an enzyme composite containing β-glucanase and β-xylanase was integrated into the experimental design, with the purpose of negating any associated observations of β-glucan consumption. Previously, studies have verified, through the use of an enzyme composite containing β-glucanase, that it is the increased concentration of the β-glucan constituent contained within cereals such as barley that is responsible for beneficially influencing manure odor and ammonia emissions by providing a source of fermentable carbohydrate in the distal GIT (O'Connell et al., 2005; Garry et al., 2007; Leek et al., 2007) . In the current study, the use of β-glucanase to validate the role of β-glucans in intact and purified forms on the luminal contents of the distal GIT is less evident. Enzyme supplementation increased urinary N excretion in favor of fecal N, generally reflecting the consequence of enzymatic hydrolysis of complex carbohydrates in modulating N homeostasis (Kirchgessner et al., 1994; O'Shea et al., 2010b) . However, there was a negligible effect of the β-glucanase composite on indices of fermentation in the distal GIT. This likely reflects the mechanistic location of β-glucanase, which may be more proximal along the GIT (Bedford, 2000) . As such, any influence on bacterial metabolite profiles because of partitioning of N from fecal to urinary excretion is likely to be distorted by the conveying of sources of endogenous N, such as desquamated intestinal cells and pancreatic secretions into the distal GIT (Mariscal-Landín et al., 1995) . To facilitate investigations on the effect of dietary treatments on the distal GIT microbiota, bifidobacteria and lactobacilli were suggested as bacterial indicators of normal distal GIT function Pierce et al., 2006a; Kiarie et al., 2007) and also because of their association with reduced manure odor (Garry et al., 2007; O'Shea et al., 2010a) . The enumeration of E. coli was performed because of its potential association with gut disequilibria (Heo et al., 2009 ), proteolytic fermentation, and greater manure odor emissions (Zhu, 2000; O'Shea et al., 2010a) .
The preferential and ready utilization of oat β-glucan by saccharolytic genera such as lactobacilli and bifidobacteria has been previously demonstrated in vitro (Jonsson and Hemmingsson, 1991) , whereas the substitution of basal cereals containing increased β-glucan concentrations for wheat-based diets have similarly promoted these bacterial genera in vivo (O'Connell et al., 2005 ). In the current study, however, consumption of the wheat-based diets supplemented with purified oat β-glucans resulted in reduced numbers of bifidobacteria and lactobacilli in the distal GIT compared with the oat diet, signifying a considerable shift in the proportions of these typically saccharolytic genera relative to E. coli. This demonstrates that the purified β-glucan source was ineffective in increasing the numbers of lactobacilli and bifidobacteria in the distal GIT to quantities comparable with the oat diet. Putative explanations for this may be 2-fold. First, although it has previously been suggested that solubility may not be an exclusive determinant of the fate of ingested β-glucan along the GIT (O'Shea et al., 2010b) , the extraction process involved in disrupting purified β-glucans from the parent cell wall has consequences for solubility (Izydorczyk O 'Shea et al. and MacGregor, 2000) . This is evident in the current study, where the oat diets returned a greater insoluble proportion of β-glucan compared with the β-glucansupplemented wheat-based diet. The effect of extraction on solubility may influence the capacity of purified β-glucans to persist more distally along the GIT, possibly being degraded and absorbed prececally when compared with intact forms (Johansen et al., 1993) . Despite this, Bach Knudsen et al. (1993b) demonstrated that, although subject to a greater rate of degradation prececally compared with intact forms, purified oat β-glucans are available for fermentation in the distal portion of the GIT. Second, an additional cell wall constituent or a cell wall component complexed with β-glucan in oats (Izydorczyk and MacGregor, 2000) , which is not presented in the β-glucan-supplemented wheat-based diet, may be fermented readily in the distal GIT and thus influence luminal composition (Bach Knudsen et al., 1993b) . Indole and skatole are indolic compounds and bacterial metabolites of tryptophan fermentation (Le et al., 2005; Blachier et al., 2007) . Williams and Evans (1981) designated both skatole and indole as significant contributors to the malodorous smell associated with pig manure, whereas skatole in particular has been characterized as possessing a fecal or nauseating quality, detectable at minute concentrations by the human nose (Zahn et al., 2001; Le et al., 2005) . There was a distinct difference in the production of skatole and indole in the distal GIT in the current study, with consumption of the oat diets producing greater concentrations of indole in the colon, whereas by contrast, consumption of the wheat-based diet resulted in greater concentrations of skatole. The diet-dependent response provoking the divergent pathways of tryptophan degradation is noteworthy. Previously, Jensen et al. (1995) have observed a decrease in gastrointestinal skatole in association with greater concentrations of dietary fermentable carbohydrates, whereas Xu et al. (2002) described increased concentrations of indole at the expense of skatole in pigs offered a source of fermentable carbohydrate. These latter authors ascribed the transfer in the production of these tryptophan metabolites to promotion of carbohydrate fermentation and saccharolytic bacterial genera such as bifidobacteria, which the findings of the current study support and indicate greater proteolytic activity in the distal GIT of pigs offered the purified β-glucan.
Consumption of the wheat-based diet supplemented with oat β-glucans resulted in a compositional shift in the contents of the distal colon compared with pigs offered the oat-based diets. The relative proportions of VFA concentrations were modified, such that consumption of the wheat-based diet containing β-glucans resulted in greater production of the branch-chained fatty acids, isovaleric and isobutyric acid, and also valeric acid. These fermentation end products may indicate proteolytic activity in the distal GIT because they are specific by-products of AA deamination (Mortensen et al., 1988; Marounek et al., 2002) . Furthermore, these metabolites are useful markers of potential odor development because they possess malodorous characteristics detectable at minute concentrations by human olfactory senses (Le et al., 2005) . Previously, studies have found an association between typically saccharolytic bacterial genera and decreased concentrations of VFA end products of AA deamination (O'Shea et al., 2010a,b) . The greater numbers of lactobacilli and bifidobacteria and reduced proportions of odorous VFA in the distal colon of pigs offered whole-oat based diets compared with the β-glucan-supplemented wheat-based diets may offer further support for this relationship. The observation that a greater proportion of AA-derived VFA was present in the distal colon of pigs offered β-glucan-supplemented wheat-based diets contributes further evidence to the absence of functional activity of purified β-glucans at the distal portion of the colon.
The disposition toward greater odorous VFA production in the distal GIT of pigs offered the β-glucansupplemented wheat-based diet was correspondingly reflected in the manure at 0 and 240 h compared with consumption of the oat-based diets. Our group has previously noted that patterns of VFA production observed in the distal GIT may persist in excreted manure and thus provide an indication on the role of distal GIT fermentation in development of subsequent manure odor emissions (O'Shea et al., 2010a,b) . Otto et al. (2003) have similarly reported associations between these odorous compounds in manure and subsequent odor development. The current study would appear to confirm these relationships; the β-glucan-supplemented wheat-based diet emitted more than 50% more odor compared with manure from pigs offered the oat diets. Manure ammonia emissions were attenuated from 0 to 240 h in response to the consumption of the oats compared with the wheat-based diet supplemented with β-glucans. Supplementation with a β-glucanase composite induced a negligible effect on subsequent manure ammonia emissions, indicating that dietary β-glucans either in a purified form or as presented intact in oats were not entirely responsible for mediating the production of this gaseous compound. The role of dietary fermentable carbohydrate in influencing manure ammonia may be attributed to other polysaccharides, and not specifically to β-glucans (Kerr et al., 2006) .
In conclusion, the current study demonstrates that increased consumption of oat β-glucans via supplementation to a wheat-based diet may be achieved without reducing energy and nutrient digestibility, as has been observed with oat diets. However, the application of purified β-glucans in modulating the distal GIT and subsequently influencing manure composition and gaseous emission may be limited. Nonetheless, a definite relationship would appear to be emerging between several bacterial and metabolite markers in the distal GIT and manure odor. Although the strategy to use the β-glucan component of cereals such as oats to benefi-cially modulate these markers was unsuccessful, the current study may offer a template for future interventions to modify gastrointestinal fermentation, and thus manure composition and gaseous emissions from finishing pig production.
